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Conventlonal methods for. deternnnatlon of
collagen in muscle ‘have. ‘been baSed on'the
assumption - that intracellular cons} ituents of
muscle are s01ub111ze__,‘ y*,‘alkalv solu ns,
thle connectwe tlssue collagen 1s msoluble

ported(l ‘2)\, and a cold salt soluble fractlon
of collag “”has been  found which can be
changed into mature collagen by warming to
body temperature(S) “These soluble colla-
gens. ‘have. ‘been’ postulated to bw

precursors of msoluble mature cc
Supportmg reports .in_.the /1 erature shov5sr
that soluble collagen can. be altereh by many

nutrltlon; and by various endocrme, rf :
tions (5,6 ,7) “Most studies on. the soluble col-
lagens have been- with. punﬁed sources such
astendon, and. cartllage Therefore, ‘knowl-
edge -of - prevlously umnvestlgated soluble
components of collagens .in bovme.f,muscle
'would be beneﬁc1al ‘for eluc’datlng; e, of
i inge, which
muscle tis-
mg spec1ﬁc
tenderness

for muscle. extracts,
sine ‘and. tryptophan ~have been reported to
;mterfere with- the colonmetnc procedure(S)
;Tryptophan produced 0.7 % as much color as'

ference. . Tyrosine, however
‘stroyed by acid hydroly51s and produoed
‘1 5% as much color as did hydroxyprolme

“Materials. -and  methods: The fore shank

muscles from 10 yearlmg steers ‘were used in
this study, prlmanly ‘because -of- t;helr hlgh
collagen content. - All. samples ‘were removed:
w1thm 15 mmutes of dlspatclnng a.nd ground

f’membmnosus and trzceﬁs brachii muscles vfor

Warner Bratzler shear value measuremems

ods ‘were apphed in collagen determm fon
from bovme muscle’ tissue:  The: colorimetric
method -of Neuman and Logan(S) for hy‘
droxyprohne determmatlon .proved: unrehable

Two -amino acids, tyro-

hydroxyprolme but- humm formatlon on, acxd
hydroly51s of - protems elnmnated 'thls inter-+
.was...not ' .de-

The recovery. of an mternal sta.ndard of hy—




ffect: ©0f" Tyrosine -on Absorbance* in
of: Hydroxypro]me in Bovine. Muso]e.

o r——-Hydroxyprolme, yh

L U
TY!'osme,;bg St e BT one
S0 112 190 325
. 400 o185 245 335 440
600 238 310 338 440

x Values are absorbancereadmgs taken at 557 my.

presswn of color yleld for hydroxyprohne It
was determined: that salt extracts contained
approx1mately 2 pg per-ml of hydroxyprohne
At the 2 ug hydroxyprohne——400 g tyrosine
level—a 36% reduction in total absorbance
was ewdenced ‘This would account’ for the
failure to attain more than a 60% recovery

of internal standards. The procedure of Mar-t

tin and Axeh:od(lO) also proved to be un-
‘satlsfactory for muscle tissue.’ .

The extractlon procedure - used in thls'

study was a modification of the method of

; Gross( 11) a,nd Harkness(12) Alog sampleq
- was werghed nto a 60 ml polyethylene cen-

_trlfuge tube; 40 ml- of 0.45 M sodium chlor-
ide was- added ‘and samples were extracted
18 hours ona mechamcal shaker. A 4 to 1
ratlo of extractant to’ muscle tlssue resulted
in the greatest’ recovery of both “acid- ‘and

salt-extractable collagen after 18 hours ~All
‘cold

operatlons were carried out in a 3°
_Toom. Samples were then centrlfuged at 3 330.

g for 60 minutes and passed through a coarse-’

sintered glass filter. Samples were washed

with " distilled ‘water in the centrlfuge (30«

‘minutes at 3,330 g) and the rinse water was

again ﬂltered Forty ml of citrate buffer, pHv
-3.8, was then added to the residue rerna.lmng
after extractxon Citrate extraction was car-,
‘ried out for 18 hours, and the samples cen-

trlfuged and ﬁltered as before :
: Forty ml of the salt-soluble ‘or ac1d-solub1e
filtrate were hydrolyzed w1th 40 ml of HCl

for 15 hours at 120°C Ac1d hydrolysrs, of
rnuscle _extra r ‘

with 6 N HCL. ‘The hydrolysate from' the:
acid-soluble fractlon was then neutrahzed and
assayed for hydroxyprohne However, for the
salt-soluble . hydrolysate the salt concentra-
tion after direct neutralization, was too high
for accurate hydroxyprohne determination.
It was, therefore, necessary to dry them on:
a’'rotary evaporator to neutrality. This pro-
cedure, did not result in any detéctable loss
of: hydroxyprohne -Hydrolyzed. samples: were
then diluted to contain 1 to 5 pg of hydroxy-
proline per 2 ml ahquot for hydroxyprohne
determination. '

The acid: and' salt-soluble fractlons were:
assayed for hydroxyprollne using a modifica-
tion of Method II as described by Woessner
(13). This procedure was_developed to in-

‘crease the sensitivity and stabrhty of hydroxy-

prohne chromogen and ‘to eliminate inter-

‘ference from. other amino acrds in a.variety :
of protem and tissue fractlons Prehmmary
'determmatrons resulted in the recovery of

internal standards of approximately 85%.
According to Woessner, the addition of 5 mg
of hydrolyzed protein to 5. pg of hydroxy- -
prohne resulted in a 5% decrease 'in absorb-
ance. In an effort to lower the amino acid-
hydroxyprohne ratio of the salt soluble ex-
tracts, a prehmlnary extractlon of muscle
tlssue ‘with distilled water was attempted and
a recovery for- added internal standard  of

90 to 100% was accomphshed Therefore’
this preliminary extraction was 1ncorporated
into the procedure for bovine muscle.
consistent - results were obtained, however,

‘More

using 45 ml of 70% perchloric acid dlluted
to 100 ml Wlth water, instead of 27 ml recom-
mended by Woessner Prepara.tlons of p-di-
methylarmnobenzaldehyde from Matheson,
Coleman ‘and ‘Bell  were found to give the
most satlsfactory and consistent results Cer-
tam lots of niethyl cellosolve (ethylene glycol
monomethyl ether) were . unsatlsfactory ‘and
it became . necessary to . pre-test -each batch

Abefore being mcorporated lnto the hydroxy-'

prolme procedure

Results. . Extractabrhty of salt-~ and ac1d-‘
soluble collagens at 30. mmutes andat 7 days

‘storage in stee‘ and calf . muscle tlssue are
h :




Salt soluble collagen
Acid-soluble < ” - 9.
Totaleoluble ” "’ 2

L ExpreSSed as. y,g hydroxyprolme
(fresh welght) p

N

TABLE 111 Mean Values. for Salt Sand el
Soluble Collagen in: Bovine: Shank ‘Muscles.*

Tendemess / Sheat l Sa.lt soluble

groups - - valuet = collagent}
Less tender 3559 115.08
Tender 21 11 : '96'34 ;

e Sa.mples extraeted mmedaately aftelj death. -
't Mean shear values of longissimus dorsi muscles.
fug hydro‘xyprohne pevr g protein on a fresh-

welght basis.: Lot

storage, whlch was in. agreement wrth Gross
(11). However the quantity. of- ac1d-soluble
collagen. lncreased during ‘this same storage
period. Total soluble: collagen was also ob-
served to mcrease dunng storage the calf;
samples Ehe : ~
Age dlfferences were' ev1dent in. quantrtles
of “salt- and: acid-soluble collagens _present.
The quantlty ‘of  salt-extractable collagen has
been previously reported to increase Wlth
mcreasmg ‘animal -age, with. large quantmes
of soluble collagen occurring only in younger
'ammals(ll) ‘Our data; substantlated these
reports.” Steer muscle. contamed more salt-
soluble ‘collagen  than did, calf . tissue; how-
ever, the total soluble collagen in calf muscle
was greater. S
- Mean - quantities of ac1d- and tsalt-soluble
collagen n. th:e fore shank muscle bf carcasses

n the alkall-msoluble collagen and ela.stm ﬂ
10ieties. ‘Reports by Miller and Kastellc(14);
ave indicated that only. 33% of the stroma:
ras accounted for by ﬁbrous elements. : The
émaining connectivé tissue was composed ‘of
reviously - unmvestlgated connective - tissue
omponents such as ground substance cellu
ir ‘inclusions, and “‘soluble collagens. Perhaps:‘
he traditional approa.ches for studying :the.
ole of connective tissue on meat tenderness
ave been llmlted by a restrlcted concept of .
he - morphologrcal complexrty of connective
issue. There remains the- further compll-’
ation that chemrcal deﬁmtlons for ‘various"
omponents of connective tissue are still a
aatter ' for: speculation, - ‘Gross a‘;na’ly’sf% *afJ'
arently do_not reveal the presence of de
ate chemical substances, nor_elucidate their
norphologrcal character, Therefore certaln‘
onnective : tissue constltuents though mrm
aal ‘in quantlty, may Well play . determin-_
ng. role in’ archltectural ‘aspects, and subse-f
|uently vlnﬂuence the tenderness of meat

Summary ‘Salt- and acrd-soluble collagens
( 'ne muscle .tlssue were 1nvest1gated
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